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1
IMAGING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation application of U.S. patent applica-
tion Ser. No. 14/035,377 filed on Sep. 24, 2013. This
application claims priority to Japanese Patent Application
No. 2012-211940 filed on Sep. 26, 2012. The entire disclo-
sures of U.S. patent application Ser. No. 14/035,377 and
Japanese Patent Application No. 2012-211940 are hereby
incorporated herein by reference.

BACKGROUND

Techmical Field

The present invention relates to an i1maging apparatus
which 1mages a subject.

Background Technology

In the past, various technologies have been proposed
where an 1mage of veins 1 a living body 1s imaged for
biometric authentication. For example, Patent Document 1
discloses a finger authentication apparatus where a light
source section and an 1maging section are arranged so as to
face each other interposing a subject (a finger of the person
to be authenticated) and light which has been emitted from
the light source section and passed through a subject 1s
imaged by the imaging section.

There 1s a problem 1n the technology of Patent Document
1 1n that 1t 1s diflicult to reduce the size of the apparatus since
it 1s necessary to arrange the light source section and the
imaging section so as to face each other interposing a
subject. From the point of view of solving the problem
described above, for example, Patent Document 2 discloses
an 1maging apparatus with a structure where a light source
layer and a detection layer are laminated on a surface of a
substrate. Light which has been emitted from the light
source layer and passed through a subject 1s detected by each
light recerving element 1n the detection layer. A light block-
ing layer which prevents direct irradiation from the light
source layer with regard to the detection layer 1s arranged
between the light source layer and the detection layer.

Japanese Laid-open Patent Publication No. 2003-30632
(Patent Document 1) and Japanese Laid-open Patent Publi-
cation No. 2009-3821 (Patent Document 2) are examples of
the related art.

SUMMARY

However, there 1s a problem in the technology 1n Patent
Document 2 in that 1t 1s diflicult to maintain a suthicient
amount of light which 1s incident from the subject to each
light receiving element. Considering the situation described
above, the invention has the advantage of maintaining a
suilicient amount of light which reaches from a subject to
light receiving elements.

In order to solve the problem described above, an 1maging,
apparatus of the invention i1s provided with an optically
transmissive first substrate (for example a substrate 32)
which 1ncludes a first surface (for example, a surface 321),
a plurality of lenses which oppose the first surface and focus
incident light from the opposite side to the first substrate, a
light emitting layer on a surface of the first surface, and a
plurality of light receiving elements which are arranged on
the opposite side to the plurality of lenses so as to interpose
the first substrate. It 1s possible to maintain a suflicient
amount of light which reaches from a subject to the light
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receiving elements compared with the technique in Patent
Document 2 where there 1s no lens which focuses incident
light from the subject since ncident light from the subject
which has been illuminated by light emitted from the light
emitting layer reaches each of the light receiving elements
alter being focused by the plurality of lenses. Here, the
“plurality of lenses” 1n the invention are a portion or all of
the lenses which are provided 1n the 1maging apparatus (for
example, lenses other than dummy lenses which do not
contribute to light focusing). In a similar manner, the “plu-
rality of light receiving elements” in the mmvention are a
portion or all of the light receiving elements which are
provided 1n the imaging apparatus (for example, light
receiving elements other than dummy light recerving ele-
ments which do not contribute to 1maging).

An 1maging apparatus according to one aspect includes a
light emitting element layer, an optically transmissive first
substrate and a light recerving element. The light emitting,
clement layer faces a plurality of lenses. The optically
transmissive first substrate includes a first surface with the
light emitting element layer being disposed on the first
surface. The light receiving element 1s arranged on an
opposite side to the light emitting element layer so as to
interpose the first substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the attached drawings which form a part
of this original disclosure:

FIG. 1 1s a cross sectional diagram of an 1maging appa-
ratus according to a first embodiment of the invention;

FIG. 2 1s an exploded cross sectional diagram of the
imaging apparatus;

FIG. 3 1s a planar diagram illustrating a relationship
between each element of the imaging apparatus;

FIG. 4 1s a cross sectional diagram where a light emitting,
clement layer 1s enlarged;

FIG. § 1s a planar diagram 1illustrating a relationship
between an isulating layer and a light emitting region;

FIG. 6 1s an explanatory diagram of a first straight line and
a second straight line in a second embodiment;

FIG. 7 1s a cross sectional diagram of a light emitting layer
in the second embodiment;

FIG. 8 1s a planar diagram illustrating a relationship
between an insulating layer and a light emitting region in the
second embodiment;

FIG. 9 1s an explanatory diagram of a third straight line
and a fourth straight line in a third embodiment; and

FIG. 10 1s a cross sectional diagram of a light emitting
clement layer in the third embodiment.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

FIG. 1 1s a cross sectional diagram of an imaging appa-
ratus 100 according to a first embodiment of the invention.
FIG. 2 1s an exploded cross sectional diagram of the imaging
apparatus 100. The mmaging apparatus 100 of the {first
embodiment 1s a sensing apparatus which 1mages a subject
200 1 a state i which i1llumination light with a specific
wavelength (referred to below as “imaging light™) 1s 1rradi-
ated, and for example, 1s preferably used as a biometric
authentication apparatus (vein sensor) which images an
image of veins 1 a living body (typically, a human finger).
The imaging light 1s, for example, near infrared light. As
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shown 1n FIG. 1 and FIG. 2 the imaging apparatus 100 of the
first embodiment 1s provided with a light receiving section
10, a light focusing section 20, a light emitting section 30,
and a light blocking section 40.

The light emitting section 30 1s interposed between the
light recerving section 10 and the subject 200. The light
focusing section 20 1s interposed between the light emitting
section 30 and the subject 200, and the light blocking section
40 1s interposed between the light emitting section 30 and
the light recerving section 10. Schematically, incident light
from the subject 200 which 1s illuminated by the imaging
light which 1s output from the light emitting section 30
reaches the light receiving section 10 after having been
focused by the light focusing section 20.

The light receiving section 10 1s an element which images
the subject 200 and 1s configured to include a substrate 12
and a plurality of light receiving elements 14. The substrate
12 1s a member with a plate shape which 1s formed from, for
example, a semiconductor material. The plurality of light
receiving elements 14 are formed on a surface 121 on the
subject 200 side of the substrate 12, and are ordered in a
matrix formation in a planar view (that 1s, when viewed from
a direction which 1s perpendicular to the substrate 12) as
shown 1n FIG. 3. Each of the plurality of light receiving
clements 14 generate a detection signal according to the
amount of 1maging light which 1s incident onto a light
receiving surface 16 with a substantially cylindrical shape.
An mmage of the subject 200 1s generated by the detection
signal which the plurality of light receiving elements 14
generate being image processed. For example, a CMOS
(Complementary Metal Oxide Semiconductor) sensor or a
CCD (Charge Coupled Device) sensor which 1s well known
1s preferably used as the light receiving section 10.

The light focusing section 20 1n FIG. 1 1s an element
which focuses 1imaging light which arrives from the subject
200 and 1s configured to include a substrate 22 and a
plurality of lenses (microlenses) 24. As shown 1n FIG. 2, the
substrate 22 1s an optically transmissive (a property whereby
it 1s possible for imaging light to pass through) member with
a plate shape which includes a surface 221 which opposes
the subject 200 and a surface 222 on the opposite side to the
surface 221. For example, a glass substrate or a quartz
substrate 1s preferably adopted as the substrate 22. The
plurality of lenses 24 are formed on the surface 222 of the
substrate 22. Each of the lenses 24 1s a convex lens which
focuses 1imaging light which 1s incident from the subject 200
onto the surface 221 of the substrate 22. Each of the lenses
24 1n the light focusing section 20 and each of the light
receiving elements 14 in the light receiving section 10
correspond one to one. In detail, an optical axis L0 of each
ol the lenses 24 passes through the light receiving surface 16
(typically, the center of the light receiving surface 16) of the
light receiving elements 14 which correspond to each of the
lenses 24. Accordingly, as shown in FIG. 3, the plurality of
lenses 24 are ordered in a matrix formation 1n a planar view
in a similar manner to each of the light receiving elements
14. For example, an arbitrary manufacturing technique of
such as a method (reflow method) where each of the lenses
24 1s formed by heat deforming numerous {ine resists which
are formed on the substrate 22, a method where each of the
lenses 24 1s formed by a photolithography process which
uses an area gradation mask, a method where the substrate
22 and each of the lenses 24 are integrally formed by
polishing and molding a member with a plate shape, or the
like 1s adopted 1n the manufacturing of each of the lenses 24.

The light emitting section 30 1 FIG. 1 1s an element
which generates 1maging light and 1s configured to include
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4

a substrate 32 and a light emitting element layer 34. As
shown 1n FIG. 2, the substrate 32 1s an optically transmissive
member with a plate shape (for example, a glass substrate or
a quartz substrate) which includes a surface 321 which
opposes the light focusing section 20 (each of the lenses 24)
and a surface 322 on the opposite side to the surface 321.
The light emitting element layer 34 1s formed on the surface
321 of the substrate 32 and functions as the light source of
the 1imaging light which 1lluminates the subject 200.

FIG. 4 1s a cross sectional diagram where the light
emitting element layer 34 i1s enlarged. As shown in FIG. 4,
the light emitting element layer 34 1s configured to include
a first electrode layer 61, an imsulating layer 62, a light
emitting layer 63, a second electrode layer 64, and a sealing
layer 65. The light emitting layer 63 1s an electro-optical
layer which outputs imaging light using supply of an electric
current and 1s formed from, for example, an organic EL
(Electroluminescence) material.

The first electrode layer 61 1s formed on the surface 321
of the substrate 32 and functions as an electrode (an anode)
which 1s electrically connected to the light emitting layer 63.
As shown in FIG. 4, the first electrode layer 61 has a
structure where a first layer 611 and a second layer 612 are
laminated. The first layer 611 1s a conductive film with a
light reflecting property which retlects the imaging light,
which 1s generated by the light emitting layer 63, to the
subject 200 side and 1s formed on the surface 321 of the
substrate 32 using, for example, a conductive matenal such
as silver or aluminum. On the other hand, the second layer
612 1s an optically transmissive conductive film which
imaging light passes through and 1s formed using, for
example, an optically transmissive conductive material such
as ITO (Indium Tin Oxide) and covers the first layer 611.

As shown 1n FIG. 3, a plurality of opening sections 614
are formed in the first electrode layer 61 with a circular
shape 1n a planar view. Each of the opening sections 614 1n
the first electrode layer 61 and each of the lenses 24 1n the
light focusing section 20 (or each of the light receiving
clements 14 in the light receiving section 10) correspond one
to one. In detail, the optical axis L0 of each of the lenses 24
passes through the opening sections 614 (typically, the
center of the opening sections 614) which correspond to the
lenses 24. Accordingly, as shown in FIG. 3, each of the
opening sections 614 1s ordered 1n a matrix formation 1n a
planar view 1n a similar manner to each of the lenses 24 or
cach of the light recerving elements 14. That 1s, the first
clectrode layer 61 1s formed in a substantially grid formation
where the plurality of opening section 614 are ordered 1n a
matrix formation 1 a planar view. The mner diameter of
cach of the opening sections 614 1s smaller than the outer
diameter of each of the lenses 24. As 1s understood from the
above description, the first electrode 61 (the first layer 611)
functions as an opening regulating layer which regulates the
opening sections 614 where 1maging light which 1s focused
by each of the lenses 24 in the light focusing section 20
passes through to the light receiving section 10 side. The
imaging light which 1s generated by the light emitting layer
63 progresses not only to the subject 200 side but also
progresses to the light receiving section 10 side, but the
imaging light which progresses from the light emitting layer
63 to the light receiving section 10 side 1s reflected to the
subject 200 side by the first electrode layer 61. That 1s, it can
also be said that the opening regulating layer (the first
clectrode layer 61) 1s a light blocking layer where direct
irradiation of the imaging light (that is, wrradiation of the
imaging light which does not come from the subject 200)
from the light emitting layer 63 1s prevented with regard to
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the light receiving section 10. For example, an arbitrary
manufacturing technique which 1s well known such as a
photolithography process 1s adopted 1n forming of the open-
ing sections 614 (the selective removal of the conductive
{1lm).

The insulating layer 62 in FIG. 4 1s formed using an
optically transmissive insulating material (for example, a
resin material). The light emitting layer 63 1s continuous
using a substantially uniform film thickness across the entire
region ol the surface 321 where the msulating film 62 1s
tormed. Here, 1t 1s possible to form a charge injection layer
(a positive hole 1njection layer and an electron injection
layer) and a charge transport layer (a positive hole transport
layer and an electron transport layer) along with the light
emitting layer 63 i1n order to improve the light emitting
ciliciency of the light emitting layer 63.

The second electrode layer 64 1s formed continuously
across the entire region of the surface 321 so as to cover the
light emitting layer 63, 1s electrically connected to the light
emitting layer 63, and functions as an electrode (cathode)
which supplies an electric current to the light emitting layer
63 between the first electrode layer 61 and the second
clectrode layer 64. The second electrode layer 64 1s a
semi-transmissive reflective conductive film which trans-
mits a portion of incident light and reflects the other portion
ol incident light. Accordingly, a resonator structure, which
selectively amplifies imaging light with a specific wave-
length (a near-infrared region) and outputs the imaging light
to the subject 200 side, 1s formed between the first electrode
layer 61 the second electrode layer 64. The second electrode
layer 64 1s formed by forming a film with an extremely thin
f1lm thickness with, for example, an insulating material such
as silver or aluminum. Here, the second electrode 64 can
adopt the configuration of an optically transmissive isulat-
ing {ilm (a configuration where the resonator structure 1s not
formed).

The sealing layer 63 1s an element which seals each of the
clements of the light emitting element layer 34 described
above (the first electrode 61, the insulating layer 62, the light
emitting layer 63, and the second electrode layer 64) to
protect each of the elements from air and moisture, and 1s
formed from an optically transmissive mnsulation material
(for example, a resin material). The light focusing section 20
and the light emitting section 30 are fixed to each other by,
for example, an optically transmissive adhesive (which 1s
not shown in the diagram). In FIG. 1 and FIG. 4, a
configuration 1s exemplified where the light focusing section
20 and the light emitting section 30 are bonded so that a
surface of the light emitting element layer 34 (the sealing
layer 65) 1n the light emitting section 30 and a surface of
cach of the lenses 24 1n the light focusing section 20 come
into contact. Here, it 1s possible to fix the light focusing
section 20 and the light emitting section 30 to each other so
that a surface of the light emitting element layer 34 and a
surface of each of the lenses 24 oppose each other with a
gap.

As shown 1n FIG. 4, a region where the insulating layer
62 1s not 1iterposed between the first electrode layer 61 and
the second electrode layer 64 out of a region where the first
clectrode layer 61 and the second electrode layer 64 oppose
cach other functions as a light emitting region 70 where the
light emitting layer 63 emits light by an electric current
being supplied between the first electrode layer 61 and the
second electrode layer 64. On the other hand, 1n a region
where the msulating layer 62 1s interposed between the first
clectrode layer 61 and the second electrode layer 64 out of
a region where the first electrode layer 61 and the second
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6

clectrode layer 64 oppose each other, the light emitting layer
63 does not emit light since the electric current between the
first electrode layer 61 and the second electrode layer 64 1s
impeded by the insulating layer 62. That 1s, the nsulating
layer 62 functions as an element which regulates the light
emitting region 70 which actually emits the imaging light
from the light emitting layer 63. Here, the light emitting
layer 63 1s also formed in a region at the inner side of each
opening section 614 but the light emitting layer 63 does not
emit light since the first electrode 61 does not exist at the
inner side of each of the opening sections 614.

FIG. 5 1s a schematic diagram where the msulating layer
62 has a planar form. The cross sectional diagram along the
line IV-IV 1n FIG. 5 1s equivalent to FIG. 4. As shown 1n
FIG. §, the insulating layer 62 corresponds one to one with
cach of the lenses 24 1n the light focusing section 20 (or each
of the light receiving elements 14 in the light receiving
section 10 or each 1n the opeming sections 614 of the first
clectrode layer 61). In detail, as 1s understood from FIG. 4
and FIG. 5, the msulating layer 62 1s formed with a circular
shape which 1s covered by the peripheral edge (inner periph-
eral edge) of each of the opening sections 614 1n the first
clectrode layer 61. That 1s, an outer peripheral edge 621 of
the msulating layer 62 1s positioned on the outer side (the
opposite side to the optical axis L0 of each of the lenses 24)
of the peripheral edge of the opening sections 614 and an
inner peripheral edge 622 of the insulating layer 62 1is
positioned on the 1inner side (the optical axis L0 side of each
of the lenses 24) of the peripheral edge of the opening
sections 614. As shown i FIG. 5, a region which 1s
positioned on the outer side (the opposite side to the optical
axis L0 of the lens 24) of the outer peripheral edge 621 of
the msulating layer 62 in a planar view 1s specified as the
light emitting region 70. That 1s, the light emitting region 70
in the first embodiment 1s specified in substantially a gnid
formation which corresponds to regions in gaps between
cach of the plurality of lenses 24 which are ordered in a
matrix formation 1n a planar view.

The light blocking section 40 1n FIG. 1 and FIG. 2 1s an
clement which blocks stray light which 1s light other than the
imaging light which 1s focused by each of the lenses 24 1n
the light focusing section 20 and 1s configured to include a
substrate 42 and a light blocking layer 44. As shown 1n FIG.
2, the substrate 42 1s an optically transmissive member with
a plate shape (for example, a glass substrate or a quartz
substrate) which includes a surface 421 which opposes the
light emitting section 30 and a surface 422 on the opposite
side to the surface 421. The light blocking layer 44 1s a {ilm
body with a light blocking property (a property whereby the
imaging light 1s absorbed or reflected) which 1s formed on
the surface 422 of the substrate 42. For example, the light
blocking layer 44 1s formed using a resin material where a
black additive (a black pigment) such as carbon black 1s
dispersed or a metallic material with a light blocking prop-
erty such as chrome. A material with a low rate of reflectivity
1s preferred as the material of the light blocking layer 44
from the point of view of preventing the occurrence of stray
light due to reflecting off the surface of the light blocking
layer 44.

As shown 1n FIG. 2 and FIG. 3, a plurality of opening
sections 46 with circular shapes are formed in the light
blocking layer 44. The inner diameter of the opening sec-
tions 46 are less than the inner diameter of the opeming
sections 614 1n the first electrode layer 61. Each of the
opening sections 46 in the light blocking layer 44 and each
of the lenses 24 1n the light focusing section 20 (or each of
the light recerving elements 14 1n the light receiving section
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20 or each of the opening sections 614 in the first electrode
layer 61) correspond one to one. In detail, the optical axis L0
of each of the lenses 24 pass through the opening sections 46
(typically, the center of the opening sections 46) which
correspond to each of the lenses 24. Accordingly, as shown
in FIG. 3, each of the opening sections 46 are ordered 1n a
matrix formation in a planar view in the same manner as

cach of the lenses 24 and each of the light receiving elements
14.

As shown 1n FIG. 1 and FIG. 2, the surface 421 of the
substrate 42 where the light blocking layer 44 1s formed on
the surface 422 and the surface 322 of the substrate 32 where
the light emlttmg clement layer 34 1s formed on the surface
321 are bonded 1n a state of being closely adhered to each
other. For example, an optically transmissive adhesive agent
(which 1s not shown 1n the diagram) 1s used in the bonding
of the substrate 42 and the substrate 32. In addition, the
surface 422 of the substrate 42 where the light blocking layer
44 1s formed and the surface 121 of the substrate 12 1n the
light receiving section 10 are bonded to each other with a
gap using, for example, an optically transmissive adhesive
agent 18. As 1s understood from the above description, the
light blocking layer 44 1s arranged between the substrate 32
in the light emitting section 30 and the plurality of light
receiving elements 14 in the light receiving section 10.

In the configuration described above, the 1maging light
which 1s output from the light emitting region 70 1n the light
emitting section 30 passes through the light focusing section
20 (the substrate 22 and each of the lenses 24) and 1rradiates
the subject 200, passes through or 1s reflected by veins inside
the subject 200 and 1s incident on the light feeusmg section
20, and passes through the epemng sections 614 1n the first
electrode layer 61 and the opeming sections 64 in the light
blocking layer 44 after having been focused by each of the
lenses 24 and reaches the light receiving surface 16 of the
light receiving element 14. Accordingly, an 1image of veins
in the subject 200 1s 1imaged.

As described above, since the light emitting section 30
(the light emitting layer 63) 1s arranged between each of the
light recerving elements 14 1n the light receiving section 10
and the subject 200 in the first embodiment, it 1s easy to
reduce the size of the apparatus 1n comparison to the
technique 1n Patent Document 1 where a light source section
and an 1maging section are arranged so as to oppose each
other interposing the subject. In addition, since the light
emitting region 70 which irradiates imaging light onto the
subject 200 1s distributed in a planar form in the first
embodiment, 1t 1s possible to reduce uneven distribution of
the amount of irradiating light with regard to the subject 200
(to uniformly 1lluminate the subject 200) 1n comparison to a
case where a point light source such as an LED (Light
Emitting Diode) being used to illuminate the subject 200.
Moreover, since the imaging light from the subject 200
which 1s 1lluminated by the light emitting section 30 reaches
the light receiving element 14 after having been focused by
cach of the lenses 24 1n the light focusing section 20 1n the
first embodiment, there 1s an advantage 1n that it 1s possible
to secure a suill

icient amount of light which reaches from the
subject 200 to each of the light receiving elements 14 1n
comparison to the technique 1in Patent Document 2 where
there 1s no element which focuses the imaging light.

In addition, since the first electrode layer 61 with the light
blocking property (light reflecting property) where the open-
ing sections 614 which correspond to each of the lenses 24
are formed 1s arranged between the surface 321 of the
substrate 32 and the light emitting layer 63 (the light
emitting region 70) in the first embodiment, direct 1rradia-
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tion of the imaging light from the light emitting layer 63 1s
suppressed with regard to each of the light emitting elements

14. Accordingly, there 1s an advantage 1n that it 1s possible
to acquire an excellent image of the subject 200 with high
contrast. In particular, the first electrode layer 61 which
supplies a current to the light emitting layer 63 1s also used
as the opening regulating layer (the light blocking layer)
which prevents direct irradiation of the imaging light with
regard to each of the light recerving elements 14 1n the first
embodiment, there 1s an advantage 1n that the configuration
and the manufacturing process of the imaging apparatus 100
are simplified 1n comparison to a case where the first
clectrode layer 61 and the opening regulating layer are
individually formed. However, 1t 1s possible to form the first
clectrode layer 61 and the opening regulating layer indi-
vidually.

In addition, since the light blocking layer 44 where the
opening sections 46 which correspond to each of the lenses
24 are formed 1s arranged between the light focusing section
20 and the light receiving section 10 1n the first embodiment,
it 15 possible to prevent a situation (optical crosstalk) where
the 1maging light which has passed through another of the
lenses 24 reaches the light receiving element 14 which
corresponds to each of the lenses 24 1n the light focusing
section 20. Accordingly, there 1s an advantage 1n that 1t 1s
possible to acquire an excellent 1image of the subject 200
with high contrast.

Second Embodiment

A second embodiment of the invention will be described
below. Here, the reference numerals which were referenced
in the description of the first embodiment will be used with
regard to the elements where the operation and functions are
the same as the first embodiment 1n each format which 1s
exemplified below and the detailed description thereot will
be appropriately omitted.

In the configuration 1n the first embodiment, there 1s a
possibility that the imaging light, which 1s output from the
light emitting region 70 of the light emitting layer 63 and
progresses to the subject 200 side, 1s reflected by the surface
of each of the lenses 24 before reaching the subject 200 and
reaches the light receiving element 14 by passing through
the opening section 614 and the opening section 46 (this
phenomenon 1s referred to below as “directly received light
of the lens reflected light” for convenience). The second
embodiment and a third embodiment which are exemplified
below are formats where the light emitting region 70, where
the directly received light of the lens reflected light 1s
suppressed, 1s regulated with the assumption that the con-
figuration 1s the same as the first embodiment.

FIG. 6 1s a schematic diagram illustrating a positional
relationship, in a plane (referred to below as a “‘reference
plane”) which includes the optical axis LO of one arbitrary
lens (referred to below as a “specific lens™) 24 in the light
focusing section 20, between the light receiving element 14,
the first electrode layer 61, and the specific lens 24. As
shown 1n FIG. 6, the first straight line L1 and the second
straight line L2 are regulated 1n the reference plane 1n the
second embodiment.

The first straight line L1 1s a straight line which passes
through the point PA1 and the point PA2 in the reference
plane. The point PA1 1s a spot (an intersection point of the
peripheral edge of the light receiving surface 16 and the
reference plane) which 1s in the reference plane and corre-
sponds to the peripheral edge on one side (the right side of
the optical axis L0 1n FIG. 6) when viewed from the optical
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axis L0 of the specific lens 24 on the light recerving surface
16 of the light receiving element 14 which corresponds to
the specific lens 24. On the other hand, the point PA2 1s a
spot (an mtersection point of the inner peripheral edge of the
opening section 614 and the reference plane) which 1s in the
reference plane and corresponds to the mner peripheral edge
on the other side (the left side of the optical axis L0 1n FIG.
6) when viewed from the optical axis L0 of the specific lens
24 1n the opening section 614 of the first electrode layer 61
which corresponds to the specific lens 24. As above, since
the pomnt PA1 and the point PA2 are positioned on the
opposite sides interposing the optical axis L0 of the specific
lens 24, the straight line L1 intersects with the optical axis
L0 of the specific lens 24 between the point PA1 and the

point PA2.

A straight line (that 1s, a normal line on the surface of the
specific lens 24 at the point PA3) LN 1s assumed to be in the
reference plane, to pass through the point PA3 where the first
straight line L1 and the surface of the specific lens 24
intersect, and to be perpendicular to a tangent at the point
PA3 with regard to the surface of the specific lens 24. The
second straight lmne L2 1s a straight line which has a
relationship of being line symmetrical with the first straight
line L1 with the normal line LN as the axis of symmetry.
That 1s, a bisecting line with an angle which 1s formed by the
first straight line L1 and the second straight line L2 1is
equivalent to the normal line LN.

FIG. 7 1s a cross sectional diagram where the light
receiving clement layer 34 1s enlarged 1n the same manner
as FIG. 4. Here, hatching 1s omitted in FIG. 7 for conve-
nience from the point of view of preventing complication of
the diagram. As shown 1n FIG. 7, an intersection point PA4
of the second straight line L2 which 1s regulated by the
conditions above and the surface of the second electrode
layer 64 in the light emitting section 30 (or the light emitting
layer 63 or the surface of the first electrode layer 61) is
regulated 1n the reference plane. The path which 1s regulated
by the second straight line .2 and the first straight line L1
1s equivalent to an optical path which 1s the boundary of
whether or not the imaging light, which 1s output from the
light emitting region 70 and reflected by the surface of the
specific lens 24, reaches into the light receiving surface 16
of the light receiving element 14. That 1s, there 1s a possi-
bility that the imaging light, which 1s output from the inner
side of the intersection point PA4 (the optical axis L0 side
of the specific lens 24) and reflected by the surface of the
specific lens 24, reaches the light receiving surface 16 of the
light receiving element 14 by passing through the opening
section 614 of the first electrode layer 61. On the other hand,
the imaging light, which 1s output from the outer side of the
intersection point PA4 (the opposite side to the optical axis
L0 of the specific lens 24) and retlected by the surface of the
specific lens 24, does not reach the light receiving surface 16
of the light receiving element 14 due to being blocked by the
first electrode layer 61 or reaching a region 1n the surface 12
on the outer side of the light receiving surface 16. That 1s,
the light of the lens reflected light 1s prevented from being
directly received. In consideration of the above tendency, the
light emitting region 70 1s specified in the second embodi-
ment so as to be positioned on the opposite side to the optical
axis L0 of the specific lens 24 when viewed from the
intersection point PA4. In detail, the dimensions and the
shape of the insulating layer 62 are selected so that the light
emitting region 70 1s positioned on the opposite side to the
optical axis L0 of the specific lens 24 when viewed from the
intersection point PA4.
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FIG. 8 1s an explanatory diagram where the light emitting,
region 70 has a planar form. Regions Q are illustrated in

FIG. 8 as specified by the trajectory of the intersection point
PA4 1n each of the reference planes when the reference plane
1s rotated with the optical axis L0 of the specific lens 24 as
a rotation axis as shown in FIG. 8. The regions Q are
specified for each of the lenses 24 in the light focusing
section 20 and are ordered 1n a matrix formation 1n a planar
view so as to correspond to each of the lenses 24. The light
emitting region 70 1s specified into regions with substan-
tially a grid formation which excludes each of the regions ()
in the surface 321 of the substrate 32. That 1s, the light
emitting region 70 and each of the regions Q do not overlap
with each other 1n a planar view. It 1s possible to also state
that the outer peripheral edges 621 of the insulating layer 62
with a circular shape which corresponds to each of the lenses
24 are positioned at the outer side of the regions (Q as shown
in FIG. 8 since the planar form of the light emitting region
70 1s regulated by the outer peripheral edges 621 of the
isulating layer 62 as described above 1n the first embodi-
ment.

The eflects which are the same as the first embodiment are
realized 1n the second embodiment. In addition, it 1s possible
to suppress the light of the lens reflected light being directly
received 1n the second embodiment due to the light emitting
region 70 being positioned on the opposite side to the optical
axis LO of the specific lens 24 when viewed from the
intersection point PA4 of the second straight line L2 and the
surface of the second electrode layer 64.

Third Embodiment

FIG. 9 1s a schematic diagram illustrating a positional
relationship, 1 the reference plane which includes the
optical axis L0 of one arbitrary lens (the specific lens) 24 1n
the light focusing section 20, between the light receiving
clement 14, the light blocking layer 44, and the specific lens
24. As shown 1n FIG. 9, the third straight line .3 and the
fourth straight line .4 are regulated 1n the reference plane 1n
the third embodiment.

The third straight line L3 1s a straight line which passes
through the point PB1 and the point PB2 in the reference
plane. The pomt PB1 1s a spot which corresponds to the
peripheral edge on one side (the right side of the optical axis
.0 1n FIG. 9) when viewed from the optical axis L0 of the
specific lens 24 1n the light recerving surface 16 of the light
receiving element 14 which corresponds to the specific lens
24 1n the same manner as the point PA1 in the second
embodiment. On the other hand, the point PA2 i1s a spot
which 1s 1n the reference plane and corresponds to the inner
peripheral edge on the other side (the left side of the optical
axis LO 1n FIG. 9) when viewed from the optical axis LO of
the specific lens 24 in the opeming section 46 of the light
blocking layer 44 which corresponds to the specific lens 24.
Accordingly, the third straight line L3 intersects with the
optical axis L0 of the specific lens 24 between the point PB1
and the point PB2. On the other hand, the fourth straight line
L4 1s a straight line which has a relationship of being line
symmetrical with the third straight line .3 with the normal
line LN as the axis of symmetry in the surface at the point
PB3 where the third straight line L3 and the surface of the
specific lens 24 intersect in the same manner as the second
straight line L2 in the second embodiment.

FIG. 10 1s a cross sectional diagram where the light
receiving element layer 34 1s enlarged 1in the same manner
as FI1G. 7. As shown in FIG. 10, an intersection point PB4
of the fourth straight line L4 which i1s regulated by the
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conditions above and the surface of the second electrode
layer 64 1n the light emitting section 30 1s regulated 1n the
reference plane. There 1s a possibility that the imaging light,
which 1s output from the inner side of the mtersection point
PB4 (the optical axis L0 side of the specific lens 24) and
reflected by the surface of the specific lens 24, reaches the
light receiving surface 16 of the light receiving element 14
by passing through the opeming section 64 of the light
blocking layer 44. On the other hand, the imaging light,
which 1s output from the outer side of the intersection point
PB4 (the opposite side to the optical axis L0 of the specific
lens 24) and reflected by the surface of the specific lens 24,
does not reach the light receiving surface 16 of the light
receiving clement 14 due to being blocked by the light
blocking layer 44 or reaching a region in the surface 12 on
the outer side of the light receiving surface 16. In consid-
eration of the above tendency, the dimensions and the shape
of the msulating layer 62 are selected in the third embodi-
ment so that the light emitting region 70 1s positioned on the
opposite side to the optical axis LO of the specific lens 24
when viewed from the intersection point PB4. In addition, it
can also be said that, when the regions Q which are
equivalent to the trajectory of the intersection point PB4 are
specified for each of the lenses 24 1n the light focusing
section 20 as shown in FIG. 8, the light emitting region 70
1s specified mto regions with substantially a grid formation
which excludes each of the regions Q in the surface 321 of
the substrate 32. That 1s, the outer peripheral edges 621 of
the insulating layer 62 with a circular shape which corre-
sponds to each of the lenses 24 are positioned at the outer
side of the regions Q and the light emitting region 70 and
cach of the regions Q do not overlap with each other 1n a
planar view.

The eflects which are the same as the first embodiment are
realized 1n the third embodiment. In addition, 1t 1s possible
to suppress the light of the lens reflected light being directly
received 1n the third embodiment 1n the same manner as the
second embodiment due to the light emitting region 70 being
positioned on the opposite side to the optical axis L0 of the
specific lens 24 when viewed from the intersection point
PB4 of the fourth straight line L4 and the surface of the

second electrode layer 64.

Modified Examples

It 1s possible for each of the formats described above to be
changed 1n various ways. Various aspects are exemplified 1n
detail below. It 1s possible for two or more of the aspects
which are arbitranily selected from the exemplifications
below to be appropriately combined.

(1) In each of the formats described above, the light
emitting region 70 1s specified by the insulating layer 62
being interposed between the first electrode layer 61 and the
second electrode layer 64 1n a configuration where the light
emitting layer 63 1s continuously distributed over the entire
area of the substrate 32, but the configuration for specitying
the light emitting region 70 1s not limited to the exemplifi-
cation above. For example, it 1s possible to form the light
emitting layer 63 so that the planar form of the light emitting
region 70 satisfies conditions which are exemplified by each
of the formats described above. For example, 1t 1s possible
to form the light emitting layer 63 1n arbitrary shapes using,
a photolithography technique where a film body which 1is
formed on the substrate 32 using an organic ELL matenal 1s
selectively removed or a printing technique (for example, a
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liquid droplet discharging technique) where an organic EL
matenal 1s selectively coated onto a specific region of the
substrate 32.

(2) In each of the formats described above, the substrate
32 of the light emitting section 30 and the substrate 42 of the
light blocking section 40 are separate clements but 1t 1s
possible for the substrate 32 and the substrate 42 to be a
single substrate. That 1s, the light emitting element layer 34
1s formed on the surface on one side of the single substrate
and the light blocking layer 44 1s formed on the other surface
of the single substrate. Naturally, there 1s an advantage 1n
that 1t 1s possible to execute a process where the light
emitting element layer 34 1s formed on the substrate 32 and
a process where the light blocking layer 44 1s formed on the
substrate 42 separately from each other 1n a configuration
where the substrate 32 of the light emitting section 30 and
the substrate 42 of the light blocking section 40 are separate
as 1n each of the formats described above.

(3) In each of the formats described above, the 1maging
apparatus 100 (a vein sensor) which images an 1image of
veins for biological authorization 1s exemplified, but the
purpose of the invention 1s arbitrary. For example, 1t 1s
possible for the mvention to be applied to an alcohol
detection apparatus which estimates the concentration of
alcohol 1n blood from the 1mages of veins in a living body
which 1s 1maged by the imaging apparatus 100 or a blood
sugar value estimation apparatus which estimates a blood
sugar value from the 1mages of veins 1n a body which 1s
imaged by the imaging apparatus 100. In addition, 1t 1is
possible to apply the invention to an 1mage reading appa-
ratus which reads an 1mage from a printout. Here, visible
light 1s preferably used as imaging light 1n a case where the
invention 1s applied to the image reading apparatus.

The 1maging apparatus according to the embodiment 1s
provided with an opening regulating layer (for example, a
first electrode layer 61) with a light blocking property which
1s arranged between the first surface and the light emitting
layer and which has a plurality of first opening sections (for
example, opening sections 614) through which passes light
which 1s focused by the plurality of lenses. In the configu-
ration described above, the possibility of emitted light from
the light emitting layer directly reaching each of the light
receiving elements 1s reduced since the opening regulating
layer 1s interposed between the light emitting layer and each
of the light receiving elements. In addition, according to a
configuration where a first electrode layer which 1s electri-
cally connected to the light emitting layer 1s applied as the
opening regulating layer, there 1s an advantage 1n that the
configuration of the apparatus and the production process 1s
simplified compared with a case where the first electrode
layer and the opening regulating layer are formed individu-
ally.

In a preferred example of the imaging apparatus which 1s
provided with an opening regulating section, in a reference
plane which includes an optical axis of one lens among the
plurality of lenses, 1n a case of regulating a first straight line
(for example, a first straight line L.1) which passes through
a peripheral edge (for example, a point PA1) on one side,
when viewed from an optical axis, of a light receiving
surface of the light recerving element which corresponds to
the one lens and a peripheral edge (for example, a point PA2)
on the other side, when viewed from an optical axis, of the
first opening section which corresponds to the one lens in the
opening regulating layer and a second straight line (for
example, a second straight line [.2) with line symmetry with
the first straight line with a normal line of the surface, which
1s at an intersection point (for example, a point PA3) of the
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first straight line and the surface of the one lens, as the axis
of symmetry, a light emitting region in the light emitting
layer 1s positioned on the opposite side to the optical axis of
the one lens when viewed from an intersection point (for
example, an intersection point PA4) of the second straight
line and a surface of a second electrode layer which covers
the light emitting layer. According to the aspect described
above, 1t 1s possible to reduce the possibility of light which
1s emitted from the light emitting layer and reflected by the
surface of each of the lenses passing through the first
opening section and reaching the light receiving elements.
The 1imaging apparatus according to the embodiment 1s
provided with a light blocking layer which 1s arranged
between the first substrate and the plurality of light receiving,
clements and has a plurality of second opening sections (for
example, opening sections 46) which correspond to each of
the lenses. In the configuration described above, 1t 1s pos-
sible to reduce the possibility of light which 1s emitted from
the light emitting layer directly reaching each of the light
receiving elements or the possibility of light which 1s
focused by each of the lenses reaching the light receiving
clements which correspond to lens other than the lens since
the light blocking layer 1s interposed between the light
emitting layer and each of the light recerving elements. In
addition, a configuration 1s also preferable where an opti-
cally transmissive second substrate 1s arranged on the oppo-
site side to the plurality of lenses so as to interpose the first
substrate, and the light blocking layer 1s formed on the
second substrate. According to the configuration described
above, there 1s an advantage in that 1t 1s possible to execute
a process of forming the light emitting layer on the first
substrate and a process of forming the light blocking layer
on the second substrate independently of each other. In
detail, the second substrate 1s bonded to a second surface on
the opposite side to the first surface of the first substrate, and
the light blocking layer 1s arranged on the surface on the
opposite side to the first substrate of the second substrate.
In a preferred example of the imaging apparatus which 1s
provided with the light blocking layer, 1n a reference plane
which includes an optical axis of one lens among the
plurality of lenses, 1n a case of regulating a third straight line
(for example, a third straight line LL.3) which passes through
a peripheral edge (for example, a point PB1) on one side,
when viewed from an optical axis, of a light receiving
surface of the light receiving element which correspond to
one lens and a peripheral edge (for example, a point PB2) of
the other side, when viewed from an optical axis, of the
second opening section which corresponds to the one lens 1n
the light blocking layer and a fourth straight line (for
example, a fourth straight line L.4) with line symmetry with
the third line with a normal line of the surface, which 1s at
an intersection point (for example, a point PB3) of the third
straight line and the surface of the one lens as the axis of
symmetry, a light emitting region in the light emitting layer
1s positioned on the opposite side to an optical axis of the one
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lens when viewed from an intersection point (for example,
an intersection point PB4) of the fourth straight line and a
surface of a second electrode layer which covers the light
emitting layer. According to the aspect described above, 1t 1s
possible to reduce the possibility of light which 1s emitted
from the light emitting layer and reflected by the surface of
cach of the lenses passing through the second opening
section and reaching the light receiving elements.

The 1maging apparatus according to each of the aspects
described above 1s preferably used in various types of
clectronic equipment. Specific examples of the electronic
equipment include a biometric authentication apparatus
which executes biometric authentication using an image of
veins which has been 1imaged by the imaging apparatus and
a biometric information estimating apparatus which esti-
mates biometric information for blood alcohol concentration
or the like from images which have been imaged by the
imaging apparatus.

What 1s claimed 1s:

1. An imaging apparatus comprising;

a plurality of lenses;

a light emitting element layer;

an optically transmissive first substrate; and

a light receiving element,

the light emitting element layer being disposed between

the lenses and the optically transmissive first substrate,
and

the optically transmissive first substrate being disposed

between the light emitting element layer and the light
receiving element.

2. The imaging apparatus according to claim 1, wherein

the light emitting element layer includes a light emitting

layer and a first electrode layer,

the first electrode layer being disposed between the light

emitting layer and the optically transmissive first sub-
strate 1n a region where the light emitting layer emits
light.

3. The imaging apparatus according to claim 1, wherein

the light emitting element layer faces the lenses,

the optically transmissive first substrate includes a first

surface on which the light emitting element layer 1s
disposed, and

the light rece1ving element 1s arranged on an opposite side

of the light emitting element layer with respect to the
first substrate.

4. The imaging apparatus according to claim 2, wherein

the first electrode layer 1s an opening regulating layer with

a light blocking property which has a first opening
section through which light, which has passed the
lenses, passes toward the light receiving element.

5. The imaging apparatus according to claim 3, wherein

the light emitting element layer includes a light emitting

layer disposed on the first surface and a first electrode
layer disposed on the first surface.
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